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(54) FE-BASED SOFT MAGNETIC METALLIC GLASS SINTERED BODY AND ITS 
MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Fe- 
based soft magnetic metallic glass sintered body 
having an excellent soft magnetic characteristic 
and a high green density by sintering powder of 
an Fe-based soft magnetic metallic glass alloy 
which can increase the temperature interval A 
Tx=Tx-Tg of an supercooled liquid to a specific 
value or larger. 

SOLUTION: An Fe-based soft magnetic metallic 
glass alloy used as material powder can increase 
the temperature interval ATx=Tx-Tg (where Tx 
is the starting temperature of crystallization and 
Tg is the glass transition temperature) of a 
supercooled liquid to >3.5K. The used metallic 
glass alloy is composed mainly of Fe containing 
other metals and metalloids. The material 

powder is thrown in the space between the upper and lower punches 2 and 3 of a 
discharge plasma sintering device and molded by pushing the punches 2 and 3 
toward each other from both the top and bottom sides while a chamber is 
evacuated to a vacuum and, at the same time, applying a pulse-like current upon 
the powder. 
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^BB 3 * 1 1 0-926 1 9 



[ft»»B<DBB] 

[»3fcli1] AT X =T X -T g (fcfc*LT x l4$Sffl<tlffl 

SififrlfljStt^i&fiftflPBiA T x fr 3 5 K&.±V&h F e 
&**Mte&B#7X^&<7>*»*fr&«S£;hTfc.& C i: $ 
^®«fr* F agltt&tifefcStf^X&fSfco 
[!JS*Jg 2 ] fiUIS F e SH*«tt&K:ff 7 X ^fcCDttf * 

fr\ Sfcrn^^x^fiiiesti-^y, #;ai$a4o o c/»)ii 

SBBCD F e S«ttai±fc«:tf7 X'Jfcfgfco 
[M*B 3 ] tfJlE F e S&BttSJItfT Xttttttftt. 

f e nkna>m<D&m Ttm t ^mftm t act 
*«*t-r*»*ai *fci4 2i=iatE<DFeatt«tttA 

Bff^xBBi*. 

C»3R«4] ¥BS5c*£ Lt. P. C. B^Ge 
<7> 5 < t * 1 BfiLtSBB Lt £5 C t £ ftfk 

t-T Sit *« 3 l=IB«<© F e attittM#7X«»t 

tfco 

[fit*]g5] ^IStiLt, P. C. B&tfGe 
c £: * -T 3 icffittro f e £8rtBtt&B;tf 

^x&te**. 

[»*a6i Bo>BB5cBfr\ @»i«si i i B&& 
tfi vB&<&&a^Ba>7^<Dd>fc< <tt 1 aijui-efc 

SCi r SB** 3 - 5 <DtNr*l^lC|B«i<7) F 

[»3*JS7] te<0fcB7c3Sfr\ A I. Ga, InM 
Sn©?%<D'><C<it1 «»±"C**C4:ft1»«ir 
6 IcBKtf) F a S&Btt&JStf 9 Xfcjgfc. 

[1***8] , MBF e £«t.tt1£&B2f7 XBBttatt 
fiEfr*®^*."? 
A I : 1 ~ 1 0% 
Ga : 0. 5~ 4% 
P : 9 - 1 5% 
C : S — 7 <H> 
B : 2 —10% 
F e : 

Tf»*CfctW«fc-r*W*ai. 2. 3, 4. 6, 7 
©l*r*lfrl=BB0> F a BBBBBBtf 7XttBtt. 
[BBB9] ttEF*Btttttt£B*f7Xfttt1*a>a 



A I : 


1 


~ 1 0% 


G a : 


0. 5 


— 4% 


P : 


9 ~ 


1 5% 


C : 


5 ~ 


7% 


B : 


2 ~ 


1 0% 


3 i : 


0 


~ 1 5% 


F e : 


mm 





mcttWItttllMl. 2, 3, 5. 6. 7 
©l*tMifrl=BB«> F e&ttB1£BB2f7XBBtt» 



[B*JS1 0] B£FeSlkfig1<tftB2f7Xtite<*<D 
BBI=. K^%1»G e tfO~ 4%^* tlTl^C t * 
t -T 8 *fcl4 9 l=ffitt<D F a SIK5814&K 

amm n] we f e £**«att&ji#7XB$§tt:a> 

»Bl=, ffi=f-<H>-QU b. Mo, Hf, Ta.W, ZrS 
VC r t*. 1 ffiJii±A<7%jaT#W$*irL^5> 

CtS»«tr*m**8~1 O0)lvf*lfrKBB<DF 
a SIK&tt&Btf? XBBtt . 

[»$H2] flJEFag**Btt$B#7Xfclg<*<7> 
»Bl=, 1 0%JiTF<&N i t3 0%JiLTOCo 

*«8~1 1 ©l^ftfrl-E«0)F e3Mfcffi14#«#7 
XB«|*. 

[«*« i3] ttre f a s&rattfcstf 7X'&ijsi*a> 

1 ~ 1 2 0l«f^l:eiO F a SBBttt^B 

#7x&fg{* 0 

»*ai 4] «rEFaa6tt«it*B^7x«««: 
ic 3 o o~5 o o°c<D&mmm<z>m9&mt)mztiTtj: 

«Ct«««tt4»«9l~l 3<©t^-r*iAM=B«<D 
F a£ttBte&B#7XBB{$ e 

[»*B1 5] AT X =T X -T g (fcfc*LT x l4&S<t 
*l<&aftB£{*a>BBMM A T x fr*3 5 KJ*l±-C3&S F 

a &tttttt*B#7x**at»**tt«rr *c * 

F a«B«14BB#7XBB<*<J!>»a7j&. 
[BBB16] BEFa»»B14BB#7XfcB(DB 
B*. BB^5XT«ttBI=*y» #Mg&£4 0°C/a- 

«i±-eBBL"CB«-r*ct*w«tr*iii«Bi se 

«<©F a«^W»14BB#7X«Bf*a>BB73fc. 
[BBB 1 7 ] fi»*« 1 5 Bfcl* 1 6Ett<D F a SI* 

Btt*B#7XB«i*a>Ba*»l=asL»-c, BBBB 
BSfcllflJaSSSTx, «BBB*Tt Lfc»#ic 

t ^ t x«>Bi«$je5s-r «asKi tt§ = t 

[BIBB 1 8 ] 15-17 0HvT4i.fr l=BB0> 

FeStt«i4*B*7X«e«:<7)Bit^(=J3^r. 3 
t / c m2jil±a>BE*-CBB-r *C t ^WBfT* F a 

SttBttfcBtf^xBISttiBttJt^Ss. 
[RBB 1 9 ] RBB 15-18 <Dt^tifrl=Ett<D 
7J^-C»P,nfc F a *lftfflitt^B^7Xet«Stt:S 3 0 0 

-so o%amBBBT*M«ta-r*c fc«ttttfc-r« f 

[BB(be««:BB] 
[0001] 

[$eW0>B-f *fcffi#»] *BWI*B«-s-y K-¥»h7> 
[0 0 0 2] 



(3) 



ttBflsp 1 O - 9 2 6 1 9 



mZtlXl^&tat LT, fflz.lt F e-S i , Fe-Si 
-A I o& h) , N i-Fd^ (/<-7D 

-O . FeSfc .tOICoSlDTtJ^TXTOW 

^toft&flSt*!*, SB. «#. t»5fc. j8ISlc|£5££*iT 
6<H6ST?!BI$S L IffttSfc £ l^tztb. iSBKcD&fStt: 

[0003] *mmtm&anM:\zf&#.. aa-cA»<t 

[0 0 0 4] 

mmzmfri-ztztbcomm BB»H£«*-r*fcto 

lC^36B^<DFeSU:?itt^JS^7^l!gW4. AT X = 

bbb***-. ) <Dsc-ea$*L*ia^fflj«tt:(7)sswfii 

AT X *«3 5 Klil±T5*l>F e &«?B'l±fcJS:ff : 7X£-$ 
<D«»jR*^liS$*tfc ; t,a>-e$.y. BST?a#fcSKBft*# 

SF^PHAT x l440KJil±-c?fe*i:J:y»$L<. 5 0 
KJil±r*a&4i$€>IC»$L^. flrfSFeSKKB 

fcBtf&BLl*. 
[0 0 0 5] *»BIC*JI,VC, tt£F«£l*tttt£B# 

*<r*r* = i:*»«ft*. *B«l=*il*T» 
TcBtt. P, C, B&tfG etf>5 *><*>'>£:< 1 Stel 
±"Cfc4CtA<»$LK fe&CMi^ifcJSptmi: LIT. 
P, C. B&t/G e<7>5*><7>4>fc:< 1 1 1 «Ja.±i3«fctf 

s i ££*rLT4,«fci\, *bbic&i^-c« mo&BTtm 
it. mmwm. i i i b&&xs i vB&tD&jRTEfSKD?*, 

I*, teCD&JBTCfSA^ A I. G a , I n&tfS n(D5*> 

BUT. F«tttttttt£B4f7X£tt{ta>B£i*B?96 

t?, Al : 1~10%, Ga:0.5~4% 1 P:9~ 
15%, C : 5 - 7 B: 2~10%, Fe: BffliT? 
fc4Ci:«««ifS. fcSLM4FeSttBtt&B#9 
X!Siagt$:(OiitfifcA<Jl-¥-%-e. Al : 1-1 0%Ga : 
0. 5 — 4%, P : 9—1 5%, C : 5-7%* B : 2 
~ 1 0%, Si :0~15% > F e : JSStt? ftott J: 

[0 0 0 6] *BWT?I*, flfJffiFe&IKBttfcjgtf^X 



BB<*<Dtt/*«C, H^-%-CGeA<4%J6lT, L < I* 
0. 6~ 4 96Bff$*lT(.*Tt,j:i\ 0 *S§B^-C|* % mg 

FeBIKBtt^B^XfiiBtt^Bfifcl:^ «T%t?N 
b>Mo, Hf, Ta.W, Zr Rlf C r 0>4»tf < <k 1 
1 «lU±*<7%)irF#*£:h.T:i*Tt,«fcl*o #S8B8T? 

i4, ffiriEFeSttatt^Eif^x^iKDttJifcic, 

%"C 1 O%fclT0>N i t 3 OWIilTOOC o<D*J>fc< <t t, 

&is?7>&mm*. xB0B**«/\n-/<*->**B 

r*CtS»ti:«. **IH0)FeS«?«14*Ja*f7 
x&iSStfcl*. BttLTB&fefe&ttttl::. 3 0 0-50 

[0 0 0 7] #BWa>»jt£&l=.J:*U*\ AT X =T X - 
T g (fe£LT x l*fftA4bll*ttME. Tglitf^XiB&iS 
S^^-Tc ) <D£T*«£fe«&)*«»tt:a>&ftfllNIAT 
x *<3 5 KJ*L-t-C&3 F tl«ElttMjlf?XM0tt 
****** C 1= J: oT. BS-Cfi»fc*»ft*tt£ 

*V*o *l=, FeS«B14£B#7Xfc5fta> 

»*29X-****i=j:y* bbbb 4 oic/ 

#Ja±r*aLT**r*C4:J&«»*Ll>o **;SS 
it. *a<b*»fflfi£Tx, **BB€T£lfe«ftl= 

fafcJtfcFeSWBtt&Etf^XfctSSifc^SO 

0-50 o o c0Sfi£6fflT?8&«i3i-r*ui\ <t y ttttft* 

[0008] 

[#6B<BBlfia>»B] felT, Bffi£#BLT*$8Ba>gS 

*ai=oi»TBwr*. si i i**3gBjiice&£ f efiDcss 
ttBB#7x**t*SB«T*fc*>f=«i*-c»ffl8:iMB 

S5t®^7Xv«t«ggSI*. !BM<©y-f 1 C^^-f 1 
±T0D/Of 2, 3lc&£*lfct&5£l®i|Sl6<7>;a8£ 

[0 0 0 9] ffirHBikS^5X-7ifttt«B©±tt: 

lceBBftttA*ttB0!) j E5 s JUS PS-2050i:|«i$ 

^sant-rstro-efc-So m3iz7p-r&mizn^xit. 
±ausfiii 1 tTSussi 2$*l, ±»a>8Bi iic 

gLtfA-^1 3A<iatfP>*l» C<0^V^/<1 30)rt 

Xfl)«BBBI=»«*sh.Tt*T, ±TCD/t>^2, 3(D 
WIC3tJfl**v^JS*4«»5!5 (Bttit:) 6 $^S14**X#ffl 

ft « if ©maosBftT i=«i*-c £ * «fc 5 * fix 



(4) 



1 O - 9 2 6 1 9 



S)1 i:Bl3t?l^iimSSA< i SfflS$*^.Tt^-5 

2lCjf?-f <fc?fc/^L.XfS3S£/*>^2, SfccktX/O^ 
®*I4, 5£ttLT&®T?#6<fc5l::fltJi££*l.Tl,>-&. 

[ooio] ffiBBffiJ5£(DjteS:?7Xv&ii&Ba£ffl^T 
^(BFaSlfcJBtefcJgtf^x^&S, iSSKLT^fcgi 
oT, fc^LMSiiStt^fXIfiS^ICfcoT, /\*;U?tK, 'J 

y»e>*t&„ 

[0 0 1 1 ] *JMIil=a3HTJBl.*ftF egttlMI^ 
^X^&li, •&*CDJS^iPSStt:ODajSraPHATx35l^ 3 
5KJiA±, ijflJilc(Cd:oTI*4 0 KJil±. *C>|C|*5 0K 

F a 8$ £ li £ < ^88£+V&l*t»0>T?& 

[0 0 12] *36B^-effl^^*tSFe*«?«814*a^7 

I-, tea>*St¥^Jai:$$^Ufcto)iL-c*f ci 

C<Z>?*,te<7>$«i:l*, ®«8#«(7)I I A 
ft. I I I Agl&tf I I I BBS. I V Agl&tf I V B 
Si, VAKs, V I A]K, V I I Am<0 5*>^iIiiRT?#* 
toi? cf-Ct, I I I BUS, iVBSs<0$Jg5t 
SA<*?iIfc : o<D£ LTS^W. 0>J*.l*, A I (7A>5 
-•5A) , Ga (tf'J-tJiO , I n (<T>2?410 , S 
n (XX) -Cfe^,, *S§IST?m^*t£F afi& 

ffitt^S^^X^^^L, Ti, Hf, Cu.Mn, 
Nb. Mo. C r , Ni, Co. Ta, W, Zr C04" ^ 

5o mfB¥^S5cm<t LTI*. 0>J*.(£. P (U» . C 
(Mm) . B (fS3S!i) . s i (W3S) . Ge (y;u 

sewT?m^;K&Fa£ifcfci±#B:tf i 5x£$i*, -ta> 

f&fiKA<J£?-%-e. Al : 1- 10%. Ga : 0.5-4 
%, P : 9~1 5%. C : 5~7%. B : 2~ 1 0%. 
Fa : ^SS-ei&or. 5F^IS^IpEi^3!)<#**^T^Tt, 

[0013] Mies i itDK^t. 7&fti$mtoo) 
saraiiaATxA<ii^i-. «AibMttj&mt-biiLTi» 

^m^mzm^rht. *i§Bj}-eflH^;ft£Feg«*«B 



tt&Jltf^x^&ii. -f-roMfiEA^^w-e. a i : i ~ 

10%. Ga:0.5~4%, P:9~15%. C:5 
~7%. B : 2~ 1 0%, Si : 0~ 1 5%, Fe:i 

fflj-c-fcor. =FRijg^iS5e!tei7i^w$*iTi^-ct,a^Fe 

[0 0 14] m8S<DiififieiC*SI,^T. HlCGe^JS 

qF-%-C4%JilT, #£L<l*0. 5~4%©iEi-Ctfi 
LTUTtfiUo *f=, fflrfB*lJ?£lzfcl*Ts Ml-, N 
b. Mo, Cr, Hf.W, Zr <D'J>fc <<ttl H£JI 
; ?-%T?7%JaT^rLT;i*T : t>&<, N i 1 0% 

KIT. Co3 0%jaTj^t'^ttfil». flJ 
Ki&lJilJICfcl^-C, Pt, &&mo>?*> 1 «lil±0>7cSt£ 
gsJraLTfc «fct\, w*lS><7>7cflS<7>;£}J0*l*, ^-T^^t 
^CT^BJU^ 7 XfflA<*# btlttlWX* 5 %fclT<kf -S 
<0A<» * Ll*«, AlKr, *5<fctfP t , a$m7cfft£ 

^•r^ciicefcor, ^b+i-SFeSwastt^s^ 

[001 5] *jft«rm*&;fc««ma!>l§Jfta>Fe a tm 
fc, »«a3iic«fey, * yft»ft«tt**r y, 

Sj&<*$S*<, ii^l4l~1 02K/sSS<Dt5H^B 

(glassy phase) lc, feIfitLt©Fe3B, Fa 
2B, F e3P^<£fflA<^UiT&A N £*3A N £SiIB"3"'&C£: 

[001 6] ^iz, mtimtiLnmmmttmnLtztj:*, 
tfctv^Bii fc«>^i*Ei3iz*-rttm^7X^^«a 

<D±T<Z3/^>f 1 2, 3<WfaicSAL. ft>Al3©fl 
SB£K£BI#-r& title. /<>5 1 2. 3-e±T^f>S 

(D&'my^xvm&isimizte^xit. ssnnmiz* y m 
fc, iimm3sa>fiiiciscTJi«t»*(D;SJs$iK»iz§s 

t?^^<0T?, t— tiz&zixH&tet'*. y ta^ieiEfflliz 

^JStSA^T'^, CHICJ: y^totfttfLfciiyWSiBlC 

[0 0 17] **^|c33L^T. ^SSSJSI*, Jlift«M*£ 
H^bfiE^-T'Sfctol- 3 0 0°CWJ:i:-r - tA^S-Cfc 
H^t»5Ri:L-Cfflt^e>*vSFa»l|«»tt*S^ i 5 
X^li, *#fcifitf**P?fc#<n;£«raRIATx (T X -T 

•5. fcfiL, mmajK«<ttAitHmmmi=iiii^. @a 
* s«asjt:s«fc c ^ r m«tt»tt««*ftr « * 



(5) 



t#B8¥l 0-926 1 9 



fc*o LfcA'or, *#68ii=a3i+-68i«ssfii*. sesit 

Bfl*&;£g£Tx. flfclSgigg^Ti: Lf=lg£, »£L<li 
T^TxcDeEffli:$*t«.o 

[0 0 18] *#KF e»8«8te&jg*p7X£fcl:: 

ia^sp^(*:<7)asraHSiAT X A<ii^:-r4<7>-c. <fcy&M 

eSSKflBttfcBtf^X^&fct&^bU ttEttMSff? 

cticfcy, si &**LttiWRfM»5i;£Jiiiifctt4f= 

[0 0 19] *fgWlc*5tNT> ttlft£fr3IK«>IKA&g 

;Sfii*^o. 'j-jafiw±-e&y . j&^ffiBSt*#tt£&<b<* 

~50 0 o ca>ffiHA<SF£ L < . J:y»$L<li300" 
4 5 0°Ct£*l*>o 

[0 0 2 0] C(B<fc?lCLT»£;h.*::SI«S«;l*. Jft*t» 

fttt£*ru ^fcsi&aisic.fey.fcyajf^it^-rt 

fiOT'fcy, ^lCtkfitaffl*< 1 . 5 ^ QmJJLtirgl^tf) 
-efc-Sc ZOtztb, ©tlfcSoft magnet ic^ti (JfcttJK 

a>{8st«?<o«fc 5 ^aasamcjE < mm? s c £ *><-<? 

[002 1] ffi. JiSBittBJ-ei*, F e&tt8t14&JS#7 

x6*a* *> «t i> mmvsm zitimzf? x^msbiz & y 

^SlCcfc y Jatt'St^-r -5 C t lZ±r>Xt'Ol>tft<D F e 
[0 0 2 2] 

[SSflBfll] Fe, AlWGat, Fe-C$t, Fe- 

U ^HafigJt A< F e73A l5Ga2PllC5B4 
0M>^y h£fEg{Lfco C0M>=*y h£$-=>l£rti:: 



tz. C*l*Q— ^i — S;U*ffl^T^St«fT?t»»-r-6Ct 
T?t»5R1bLfc. *&4lfet&*0>>t>-?ttfi5 3~1 0 5// 

[0 0 2 3] ^2 g<DJl1JSBlI*4t»;fc£WC8»<D^Xa 
WfiiJlC/\> r-*:?UX£ffll^-C3t«L.fc&. El 1 l-jj*-f * 
•< 1 a)P*9SPlCgJaL. ^A'^/^CDP'iSP^ 3 x 1 0-5 t o 

r r©#ffla4>T?±T<7)/\°>^2, 3 TJftJiE-r -5 <t t & 

fco /^UX;ft^l*ia2lc^-r < j;3l~1 2/^UX3SL*:& 
V2/i)l,7.tt.lfrZ>t,<Dt U Si^4 7 0 0-4800 
A<7)®SJST-H*4«»5R£AnS»L*=,, S**4U:6. 5 

t / c m2<&GE2> £AM-J-fc:|*8§-e^;Efr *>mffi&&-£T< 

oft:. #;g&gl* 1 0 0°C/m i n t Ltzo 
[0024] 041*. F e73A I 5Ga2PllC5B4^E-5 

AOSCi^ (Differential scanning ca lor iemeter : 

^mM^mammiz^^m) s^-rta-e&y. 05 

1*. wfl>»5S$^5S«4 3 0°CT-«t©^7X^^L, 

0 6 14. l»»fl(»Sl^SS^»«(DTMAfflja (Th 
ermo Mechanical Ana lysis ffilS) JS1"t<n"PfeS c 13 
4(DDSCfflSJ:y, H*4»3Sa>T x =5 1 2°C. T g = 
4 6 5°C. AT X =4 7 0 Ctf*.a>Z>tlZ> 0 CCD^-plCJjg 

aibsgfeiT<7)ffiLxas«i«-pja^ai?3?i$ia3!><#ffi l a 

Tx=T x -T g T?^$4x^lit*<^#<. CflJ^COSflJiEG) 

EI50DSC«^J:y. j3tig(*fl>T x =5 1 2 
°C. T g =4 6 5°C. A T x =4 7°C*<^toP>*l-5o 04 
*JckO:0 5<7)^S«fcy. !MIM£$l&{*t»3fci&jig#i: 
(7>T X . T g . AT x A<|^i:-e$>€)C<t^t?A^<S. 
B!6lC*-rTMAffljg-ei4, 4 4 0~4 8 0°C(DiaS« 

<D«!^^baSlA<e^oTL^■6C<!:^*LTt^^>o Z<D£o 

izimmfs&tfmt?z>m%!.&mmLxmittim?tnt 
nmmt-?z>tzit>izmmx°&z>o 

[0 0 2 5] E7I*. mm®3i : £%tm&&3 8 0°C, 4 

oo°c. 4 3 0°c, 4 6 cc-e-t+t-fHtee^^x-^st 

ISIa]»Tia®6^S^^-ro 3 8 0°C. 4 0 0°C. 

3 0°CT?«I^Lft:SS*4T?l4. l>r*t*«/\Q— <f/<* — > 

A<t>^-5o 4 6 0%T«HIL«:tW-eiittMt 

[0 0 2 6] Sim^XT^iSSiS^fflt^'r^ 

«®Sl;3 5 0°Cx 1 5»<7)J5ft«lS$JfiUfcA;U^«(Z) 

mmm (ve) . (h C ) . n^isik^im^m 



(6) 



1 0-926 1 9 



U 4 3 0^CJ«JL±a)fll®iaST?m^-r*Ci:lc«feoT> 

(He) liisis-sg-efcy. ss&gs (//e) fccfci/t&fii 

«mSS (Bs) l*SSO±#|CLfcA<o-ClR]±L, t# 
^W:«LT. &ilSiSSj&<4 6 0 0 Clcfc£i:tSfaffi 

[0027] ^^6©js*«fcy s *siasi5>j-ci*s ttna 
K£4 3o°cjaT<BiajssEffl (gsa-rttii, ttjubHtt 

jSfi^Tx, jSJSSISTtLfca^ T^TxCDfiSH) 
**®«ttfcJSlxTT^JU7TXJMB«t**L» SHE 

[0 0 2 8] 

ttttftttaSftfflffi A T x *<3 5 K&L±T-$>$> F e &tt 

«, T X A<3 5 K^±T*fc€> F e6$fcl&f4#g;tf7X£ 
^ tti 7^7 XTjSSatStffit 5©-C, 4 0°C 

[0 0 2 9] JffSLL^Sg^t LT, F a &l9Y<D 

fea&mTtmt^&mTtmt $>zt. ma?z> 

<0 : 5* > (75ii?JS< tt 1 m&L±t$£US i t?$>Zt. 
O^JSTESRt LT, I IBM^lVBi® 

ffe0>&JS7ESSi±: L-t, A I, Ga, ! nWSn© 
5 *><*>'><£< 1 ®)*Lt fractal? #-5 o ftlcs 



[oo3o] fit. nBfkitM&'&mzTx. fistess 

1£7j£3 t/om2y±i:t4Ci:lcJ:ot > J^ffiffi 

[ia5iafB!*ftitt9n 

[0 1 ] **W»***l6r«fcftl=«l**3Bc«^9 

[H2] si i i=^-ra«^7X^^«s-eis*4t95S 

[0 3] ttf7 , 7X7jS«Sit-ffl(0±ffM^^t 

[0 4] S!S«iji=fcit-SIS^«»^a)DSCffllS^*-r 
0-C'fcSo 

[0 5] SIJ(H5lJI=il3lt^ilS«:<DDSCttli$^-rBI 

-efcSo 

[06] HSS<5l|ICifcltSSl^SH^ai?ffa>TMA 
ttl££^-f0-Cfe3. 
[El 7] HM50IJI=j3l^T3 8 0°C~4 6 O 0 CT?!&$g L 

t*# titzmmtto) x aa0&r0fi££ *-r 0 t- & s D 
[0 8] £tt«i=tei*T»&*tfc*«H*a>»K. 

■efts. 
[ft#0>I&flJ] 

1 *V 

2, 3 

4. 5 A>^mn 
7 s&m** 

1 i 

1 2 gas 

1 3 



[02] 



* 



(7) 



ftMW- 1 0-926 1 9 



[Hi] [0 3] [H4] 





(8) ttffiW- 1 0-926 1 9 



[1218] 




ma«p*:BaBfi^SfflTi#7# tvu:? 

(72)^bj# #± bjj* 

g*SR<lll£rfTffltBJilrt7c3tJ&35§its JH 
1-806 



